This paper aims to analyze the changes in the trends of water levels in closed piezometers installed in the largest dam in Poland, i.e. Solina Dam located in the Podkarpackie province. The scope of the research includes the analysis of water levels in piezometers in the study period between 2010 and 2015. Statistical tests for identifying and rejecting outliers were performed before carrying out the analysis of the data acquired from the Automatic Technical Dam Monitoring System including: two variants of the Q-Dixon's test (denoted as N9 and N13), as well as Grubbs' test and Hampel's test. A hypothesis was formulated that a change in the trend occurred after the flood in 2010. Using the least squares method , for each piezometer, two trend lines were matched to their water levelsthe first one for the year 2010 and the second one for the period of 2011-2015. In this way, two slope coefficients of the linear function were obtained, together with the estimation of their errors. These slopes were compared using a statistical parallelism test.
INTRODUCTION
Structures that are used for storage, impoundment or transportation of water are vulnerable to various types of damage and disasters. According to Kledyński [2012] , a construction disaster is "loss of stability of a building structure, its parts or foundation, preventing its normal functioning without reconstruction, related to the threat to the safety of people, property or the environment". Roughly 2.2% of all the dams built before 1950 have been destroyed, whereas as far as the dams built after 1950 are concerned -less than 0.5%. Statistics demonstrate that about 70% of dam disasters occur during the first 10 years of their use [Rak 2007] .
Ensuring the safety of operation of impounding structures requires performing systematic control measurements [Lach et al. 2013] . One of the most common causes of dam disasters is excessive seepage, improper operation of drainage equipment, or the scour of soil material from dams or their foundations [Lach et al. 2013] .
The basic forms of monitoring dams include, e.g. piezometric measurements, which allow for measurements of water levels in open piezometers, or measurements of water pressure in closed piezometers [Mirosław-Świątek et al. 2012] . These measurements enable to control seepage through an impounding structure, and thus to assess structure's performance [Kledyński 2011 ].
Piezometric monitoring also allows to identify the anomalies occurring in the dam [Lach and Opyrchał 2014] . Thanks to systematic measurements, it is possible to effectively prevent a potential disaster by activating warning systems or alarms, as well as to plan modernization of the structure in advance [Molski 2012 ].
Currently in Poland, the tasks and obligations related to ensuring the safety of impounding structure's performance, 
TECHNICAL SPECIFICATION OF THE STRUCTURE
Due to its parameters and intended purpose for energy and flood protection purposes, the Solina Dam belongs to the first class of importance of hydraulic structures [Kozicki 2011 ]. This gravity dam is a heavy, concrete structure with expanded expansion joints. The length of the dam is 664.8 m and the maximum height reaches 81. 
MATERIAL AND METHODS
This paper aims to analyze the changes in trends of water levels in closed piezometers installed in the Solina Dam. These changes in water levels were analyzed in 30 closed piezometers in the Solina Dam (18 piezometers located before the barrier and 12 piezometers beyond the barrier) over a period of 6 years (from 2010 to 2015), taking into account the flood that took place in 2010. For each piezometer, 2191 piezometric measurements were performed, totaling to 65 730 observations; 12 piezometers were excluded from the analysis, because no measurements were carried out in the analyzed period or incomplete measuring sequences occurred. The location of the piezometers is illustrated in Figure 1 .
Prior to analyzing the piezometric data, three statistical tests were used to identify and reject outliers: two variants of the Q-Dixon's test (denoted as N9 and N13), as well as Grubbs' test and Hampel's test [Lach 2016 ]. As a result, a total of 1 382 observations were removed from the data set, accounting for 2.1% of all the results.
Using open source software package Gretl, the methodology of the analysis involved creating graphs of changes in water levels in closed piezometers, and then calculating trend lines for each piezometer using the least squares method. The least squares method allowed to find a straight line that would be best "adjusted" to the measurement points collected in the graph. Parameters of the straight line were selected so that the sum of the squares of differences between experimental values y i and calculated ones i i b x a + was as small as possible. In this way, the value of the slope coefficient a and the intercept b were obtained.
Graphs for 30 closed piezometers were drawn, which illustrated the variability of the water levels over the 6-year period and adjusted trend lines with a variable coefficient a, taking into account the time before and after the flood in 2010. For each piezometer, Then, using Gretl software, linear regression functions (trend lines) with different coefficients a were compared for each piezometer before and after 2010. A test of significance for the hypothesis of equality of two linear regression coefficients, called the parallelism test, was used for this purpose [Greń 1975 ]. The hypothesis H 0 : a 1 =a 2 was formulated against the alternative hypothesis H 1 : a 1 ≠a 2 ,. Then, for both trials, the sum of squares of deviations of regression from these straight lines was calculated according to the formula:
The value of statistic was calculated according to the formula: 
Assuming that the verified hypothesis H 0 is true, the above-mentioned statistic has is characterized by t-distribution with (n 1 +n 2 -4) degrees of freedom. From the table of this distribution for a predetermined significance level of γ = 0.05 and for (n 1 +n 2 -4) degrees of freedom, such critical value t γ was read so that P{|t|≥t γ } = γ. Comparing the calculated value of t statistic with the critical value t γ , the following inequality was obtained: |t| ≥ t γ lub |t| < t γ . In the first case, the hypothesis H 0 was rejected, and in the second case there were no grounds for rejecting the hypothesis H 0 . Table 1 demonstrates the results obtained for closed piezometers of the Solina Dam. In addition, Figure 2 and Figure 3 illustrate exemplary time series for piezometer PZ118 for which the hypothesis H 0 was rejected, as well as piezometer PZ103 for which there was no basis for rejecting the hypothesis H 0 .
RESULTS

CONCLUSIONS
Out of thirty studied closed piezometers of the Solina Dam, in eight cases there was no basis for rejecting the hypothesis of equality of slope coefficients of a straight line of regression before and after 2010. This means that the trend of water levels has changed for 73.3% of piezometers.
In most cases (81.8%) the trend is a declining one, which will lead to a decrease in filter gradients. For six of the analyzed piezometers (PZ104, PZ105, PZ109, PZ111, PZ113 and PZ122), the trend after 2010 demonstrated an upward direction. These are the piezometers located in front of the barrier. The reasons for the noted changes in the trends of water levels and increase in filter pressure in these piezometers must be further clarified. Continuous monitoring of water levels, as well as possible model studies are necessary to explain this phenomenon. 
